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Abstract: The application of Newton's law of gravity in explaining international trade proved to be very successful. The popularity of a gravity model for explaining trade 
flows has been due to the fact that the calculations require affordable data for every economy. The basic elements of the panel gravity model are mainly GDP, population 
and distance. This paper analyses Serbia's trade from 2001 to 2018 based on the experience of neighbouring countries of Croatia and Romania, using STATA software. 
The trade exchange with more distanced EU members is less realized. The country tends to trade much more with its neighbouring EU members, proving the basic 
assumption of a gravity model. There are exceptions regarding some parts of the trade with developed EU economies, regardless of their distance. These relations will help 
us to evaluate the trade pattern and direction of Serbian trade in the EU accession process using a gravity model. 
 





The preconditions for the expansion and development 
of the trade of an economy imply the access to new 
markets. Modern trends encourage a country to join a 
regional integration. Nowadays, less than 200 countries 
participate in nearly 300 regional integrations of different 
forms and levels of integration. The economic motives 
relate to the coordination of trade flows between 
economies as the lowest level of regional integration 
(formerly NAFTA, CEFTA), as well as those that involve 
a higher level of connection through the processes of the 
coordination of monetary and fiscal policies (such as the 
EU). Basically, a regional integration is a useful instrument 
for depreciating external shocks; eliminating speculative 
attacks; avoiding uncertainty regarding exchange rate; 
ensuring higher price stability, and security of investments 
as well; reducing the required level of foreign exchange 
reserves, etc. In addition to the positive effects, the 
negative ones are reflected in the loss of a part of monetary 
policy instruments and foreign exchange policy. Therefore, 
every economy should consider both the benefits and costs 
of entering a regional integration. 
Commonly, the best candidates for a regional 
integration are neighbouring economies of a similar 
structure, features and size of the economy, well-connected 
with transport links, and transactions in commodity and 
financial sectors. Therefore, the degree of openness of an 
economy becomes a dominant criterion (along with 
diversified production, financial integration and mobility 
of a production factor). As for openness, the crucial thing 
is that significant effects of trade creation and trade 
diversion are made within a regional integration. 
Consequently, the regional integration enables greater 
exchange, lower production costs, specialization, sectoral 
agglomeration, etc. 
The aim of the paper is to consider and analyse the 
structure of Serbia's trade with EU members. The idea is to 
use the experience of the neighbouring countries Croatia 
and Romania, in the period before they became full 
members of the EU. In the research, we used the panel 
gravity model for the period 2001-2018. To assess the 
effect of the trade we use the gravity model based on the 
data from the panel series. Newton's law of gravity proved 
very successful in explaining international trade. The 
popularity of the gravity model for explaining trade flows 
of any economy is due to the fact that relatively simple and 
easily accessible data are needed for the calculations. A 
panel models take into account both country and time 
effects. The rating of the panel, in relation to cross-section 
data and time series data, offers greater variability and a 
higher degree of freedom and reduces the collinearity 
among the explanatory variables. The combination of 
cross-section data and time series data increases the sample 
size. This helps us to analyse the structure of trade and 
changes in trade over time. 
What is the reason for redirecting trade exchange 
towards the economies belonging to regional integrations, 
in our analysis towards the EU? The answer is simple - the 
access to a potentially larger market, higher purchasing 
power of the population and more intensive production 
process. Purchasing power has a significant role in terms 
of demand, both for domestic and foreign products. 
Foreign demand is reflected in the export of domestic 
economy, especially if there is high elasticity of demand 
for domestic products and it can have impact on domestic 
GDP, and vice versa. The distance between trading 
partners does not play a significant role in trade, as it used 
to be in the past, because transport costs are far lower. 
In order to achieve these objectives, a theoretical 
analysis of the panel gravity model is provided in the 
beginning of this paper. The literature review includes 
experiences of numerous of success research papers from 
this field, as well as detailed description. Next, the 
methodology and regression model are elaborated using 
experiences of neighbouring countries. Finally, the 
conclusion remarks are discussed. The appendix is at the end 
of the paper. 
 
2 LITERATURE REVIEW 
 
The openness of an economy is vital for all countries, 
regardless of the level of its development. Evidently, large 
economies are relatively less open, as they manage to reach 
economy of scale within their own borders (e.g. Germany). 
On the other hand, a small and developed economy (e.g. 
Luxembourg), depends to a large extent on international 
trade. Due to the scarcity of its natural resources and its 
small market, it cannot achieve economy of scale within its 
borders. In developed market economies, trade growth is 
based on GDP growth through the growth of productivity, 
innovation, invention, and capital-intensive production 
process. For less developed economies other rules apply. 
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The latter achieve the largest volume of goods and service 
trade with neighbouring economies. Therefore, the effect 
on the trade is more profound when a neighbouring 
economy is more developed and has a larger market. 
However, the benefits of such economies sometimes 
become less relevant, compared to developed regional 
integrations. Hence, economies join different regional 
integrations, such as Croatia or Romania in the European 
Union, as it is the case with Serbia. 
Small open economies, such as Serbia, are 
characterised by the unfavourable structure of trade 
exchange with an inadequate structure of production 
factors (workforce which does not meet the market 
demands and insufficient capital), several production 
sectors (usually with outdated technology) and business 
operations in imperfect competition. Under such business 
circumstances, for less open economy, achieving economy 
of scale is crucial. Therefore, the growth of trade in these 
economies has to be accompanied by the fragmentation of 
production outside their borders [2, 3]. In the analysis of 
Belarus export, it is stated that the structure of export of a 
less developed economy is significantly different from the 
structure of export of a developed economy (the results in 
the gravity model differ from the results of developed 
economies); production is located in special places which 
makes the access to foreign markets more difficult; the 
supply of less developed economies does not depend on the 
purchasing power of the population of developed 
countries, while distance significantly reduces trade in 
developed economies, which does not have to be the same 
case with less developed economies. Chan-Hyun [4], in the 
case of the Korean trade, showed that trade flows in 
bilateral trade increase with a size of GDP of trading 
partners and decrease with their distance. Similarly, trade 
analysis between blocks [5] and [6] shows that the size of 
the country is directly related to trade and larger countries 
have a higher absorption capacity. In the case of Czech 
agricultural production, Shevel [7] points out positive 
impact of GDP, negative impact of GDP per capita and 
distance on the volume of export of Czech agricultural 
products to the EU economies. 
Numerous research papers explain the effects of gross 
domestic product (GDP), population and distance in trade 
between countries [8, 9]. These two papers explain how EU 
trade with the countries of the Western Balkans presents a 
significant factor for growth and overall economic activity. 
Montanari's paper [8] implies that trade policy and 
economic integration with the EU play an important role in 
shaping trade exchange for the Balkan countries. Whereas, 
the research paper of Braha et al. [9] suggests that trade has 
a positive impact on GDP, but it decreases when distance 
between trading partners increases. Gudin et al. [10] show 
that, with an unchanged GDP, in an economy with smaller 
population there will be lower trade volume. Therefore, in 
the model the population variable was replaced by 
GDP/population variable and demonstrated a positive 
impact of GDP per capita on foreign trade. Theoretically, 
in the gravity model, bilateral trade is positively correlated 
with the GDP of two countries, and negatively correlated 
with the distance between them. 
 
3 RESEARCH DATA AND METHODOLOGY 
 
In the literature, a gravity model has had a long history 
in international and regional economy. It has also been 
used in sociological science (social trends, population 
migrations, etc.). It is one of the most widely used tools for 
explaining bilateral trade. Numerous research papers 
explain the effects of different economic determinants 
(GDP, commodity prices, foreign direct investment, 
foreign exchange reserves, population, exchange rate, etc.). 
In many studies, GDP, GDP per capita, population and 
distance between countries are mainly present 
determinates [4, 7, 11-13]. According to the theory of a 
gravity model, trade/export is positively correlated with 
GDP, positively correlated with GDP per capita of the 
importing country (trading partner), and negatively 
correlated with the distance between the two countries. 
Numerous analyses show that the effects of the population 
on trade are ambiguous [14, 15]. 
The data used in the model are taken from official 
sources for all macroeconomic determinants - total trade, 
GDP of Serbia and trading partner countries, population of 
Serbia and trading partner countries, and the distance 
between the countries. It is important to note that in the 
analysis we presented the number of the members of the 
EU as the actual membership during the period 2001-2018: 
in the period 2001-2006 the EU-25, in the period 2007-
2013 the EU-27, and since 2013 the EU-28. The definitions 
of variables and data sources are given in Tab. 1. 
 
Table 1 Defining variables 
Variables Definition Data Source 
tt Total trade Eurostat and Trade statistics for international business development 
GDP Exporting countries' gross domestic product in current US dollars Eurostat and Trade statistics for international business development 
GDP* Importing countries' gross domestic product in current US dollars Eurostat and Trade statistics for international business development 
POP Population of exporting countries in millions Annual statistics of the World Bank 
POP* Population of importing countries in millions Annual statistics of the World Bank 
distance The distance in kilometres (expressed in the distance between each country's capital) 
CEPII - le Centre d'études prospectives et d’informations 
internationales 
border A dummy variable that takes the value 1 if countries i and j share the border, 0 otherwise  
language A dummy variable that takes the value 1 if countries i and j share the common official language, 0 otherwise  
 
The size or economic strength of the economy in the 
model is represented by gross domestic product (GDP). 
Population is taken as a measure of a size of the market - 
the greater the market, the bigger trade exchange. In the 
model, geographical distance is used as a substitution for 
transport costs in foreign trade, export/import tariffs, 
dumping and other trade barriers. We expanded the model 
with two dummy variables, common border and common 
Vladimir RISTANOVIĆ et al.: Applying Gravity Model to Analyse Trade Direction 
1672                                                                                                                                                                                                    Technical Gazette 27, 5(2020), 1670-1677 
language, because through individual characteristics of the 
countries we wanted to study the mutual trade links of the 
neighbouring economies. 
In order to evaluate the trade flows between Serbia and 
the member states of the EU, we used the gravity model, in 
which the impact of specific factors on the total trade was 
examined by regression equations with panel series. Panel 
series data is suitable for this type of regression equation 
estimation, since it allows simultaneous analysis of 
comparative data (N) and time series data (T). Thanks to 
the features of the panel series, the sample size increases 
(NT) and the number of information from a limited number 
of observations (sample) rises. Thus, the efficiency of the 
model estimation increases and better trade results are 
obtained. At the same time, the model features a higher 
degree of variability and a higher number of freedom 
degree, and lower degree of correlation between 
explanatory variables. The model also enables analysis of 
the structure of trade and changes in trade over time. The 
estimated results of the model should show the relationship 
between the size of the economy, purchasing power of the 
population and the distance, on the one hand, and total 
trade, on the other hand. 
This complex analysis aims to evaluate the impact of 
GDP and the population on Serbia's trade with EU 
members by using the gravity model. Moreover, it aims to 
assess the impact of distance (distance between countries) 
on the volume of trade - whether greater distance poses a 
restriction to trade, or not. In the analysis, dummy variables 
are included in the model. The potential impact on the total 
trade of those economies that have a common border and 
similar, understandable language is tested and evaluated. A 
random effect model (RE) and a fixed effect model (FE) 
are used to evaluate the variables. In RE model, regression 
parameters with explanatory variables are invariant, while 
the variations per observation units and over time are 
covered by a random error (random variables). The FE 
model is based on standard assumptions that a random 
error uijt has a normal distribution (zero mean and constant 
variance), and that the explanatory variables are non-
stochastic and independent of the error. It is common that 
a standard gravity model is evaluated by a FE model, but it 
may have a large deficiency - not to allow the assessment 
of market variables from the model. From the perspective 
of econometric analysis, the results of the Hausman test 
will show us what effects model (RE or FE) to use when 
testing and evaluating the coefficients with a model 
variable. According to the descriptive statistics, we have a 
total of 504 observations [N = 28; T = 18] in the model. For 
regression estimates, we used statistical software Stata S/E, 
version 13.0. 
 
3.1 Gravity Model 
 
The gravity model was named after Newton's law of 
gravity. According to this law, the force between two 
bodies is positively correlated with their masses (sizes) and 
negatively correlated with their distance. Generally 
speaking, the force of the interconnection between two 
bodies depends on their size and features, so if the bodies 
are larger and closer they are more interconnected. When 
the law is transferred to the relations in economics, we can 
say that the trade between economies is (positively) 
correlated with the size of the economy and (negatively) 
correlated with the distance between these economies. 
The application of the gravity model is widespread 
because it is a model that explains the structure of trade and 
economic reasons for international trade. It was used in 
analyses of a wide range of products and factors of 
production even before the Second World War [5]. 
Tinbergen and Lineman were among the first to apply the 
model in the early 1960s, but Anderson and Bergstrand 
were the first to improve the model [16]. Numerous other 
authors have also shown a wide application of the gravity 
model by adding various trade restrictions to properly 
assess the model and the structure of the trade [6]. The most 
important application of the gravity model occurred with 
the acceptance of market conditions of operation in Central 
and Eastern European countries in the early 1990s, when 
the potentials of trade between West European countries 
and new market economies were analysed [7]. Helpman 
[17] stated that the gravity model gave good results in the 
countries that had a large volume of intra-industrial trade 
in mutual trade. 
Having analysed previous researches, we have opted 
for the gravity model which can evaluate the parameters 
based on their comparative data and time series. Basically, 
such a model gives a more precise assessment of the 
parameters of a regression model. In earlier researches of 
gravity models which evaluated international trade 
between countries, total trade/export was used as a 
dependent variable. A set of independent variables was 
very broad: GDP, GDP per capita, population, a common 
language, a common border, customs tariffs, an area, 
exchange rate, culture and geographical distance [13, 18-
20]. 
We begin the modelling of trade flows in a 
logarithmic-linear form in the following equation: 
 
ijt ijX uβ= X   (1) 
 
where Xijt indicates the total trade of an economy i and an 
economy j in a year t; β vector parameter; X is a matrix 
logarithm of explanatory variables (independent variables) 
of the model; uij is a common model error. 
In order to simplify a statistical and econometric 
analysis, we are going to include a set of independent 
variables. Subsequently, the model will be developed in 
several stages. The following equation of the gravity panel 
model contains one dependent variable, total trade and 
three independent variables: GDP, population, and 
distance, represented in the Eq. (2): 
 
3 5 61 2 4
0ijt it jt it jt ij ij ijX BDP BDP POP POP DIST F u
β β ββ β ββ=   (2) 
 
where, Xijt shows the total trade of an economy i and an 
economy j in a year t; BDPi(GDPj) reflects GDP of the 
economy i and the economy j in a year t; POPi(POPj) is the 
size of the market of the economy i and the economy j in a 
year t; DISTij is a measure of distance between the capitals 
of these countries; Fij represents any other factors 
(variables) within the model; uij is a random model error (it 
consists of individual and time effects, as well as errors). 
Eq. (3) shows the linear relationship between several 
explanatory variables. The equation contains the variables 
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whose values vary according to economies and time, as 
well as variables whose values vary across countries, yet 
being constant in time. 
 
 0 1 2 3 4
5
ijt it jt it jt
ij it
X BDP BDP POP POPpc
DIST
β β β β β
β ε




and with two dummy variables we have: 
 
0 1 2 3 4
5 6 5
ijt it jt it jt
ij ij ij it
X Y Y BDPpc BDPpc
DIST bord lang
β β β β β
β β β ε
= + + + + +
+ + + +
  (4) 
 
where, bordij presents the common border between an 
economy i and an economy j, langij presents the common 
language between an economy i and an economy j. 
Before estimating the parameters, we should consider 
theoretical expectations of signs (+/−) of the estimated 
coefficients of the variables. The growth of wealth in an 
economy shows an increase in the level of production 
(output), purchasing power of the population changes, and 
the trade between the economies increases as well. 
Therefore, we can conclude that the coefficients before the 
variables - GDP of Serbia and EU countries, β1 and β2 
should be with a positive sign, with a greater impact of 
GDP of EU countries. The coefficients before the variables 
- population (β3 and β4) are ambiguous (with both positive 
and negative sign), depending on the effect of absorption 
and economies of scale. A negative sign is expected with 
the distance coefficient (β5), since a greater distance 
between two economies increases the cost of the trade, and 
vice versa. A positive sign is expected in both artificial 
variables of the model (Dij), because typically, trade 
exchange is achieved in a larger volume if partner countries 
share a common border (bordij) and/or speak the same 
language (langij). In the appendix, the Table A1 shows 
descriptive statistics for all the variables included in the 
model. 
In the process of evaluating the regression parameters 
of the model, firstly, the existence of individual effects is 
examined. If it turns out that there are no individual effects, 
it is recommended that a panel model should be used to 
evaluate regression. On the other hand, if there are 
individual effects within the model, then either a FE model 
or a RE model is used, depending on the degree of 
correlation between individual effects and variables of the 
model. According to Gujarati [21] and Dragutinović-
Mitrović [22], the use of FE model is justified if there is a 
correlation between individual effects and explanatory 
variables. As a rule, the variables that do not change over 
time (distance, common border or common language) are 
left out. Unlike a FE model, the RE model is used when 
there is no correlation between individual effects and 
explanatory variables. Then the individual effects are 
random, and new explanatory variables (gender, border, 
distance etc.) are obtained through the residuals of each 
effect. With these last ones mentioned, a RE model gives 
more effective estimates. We will choose one of the two 
presented models (RE and FE) for estimating the 
parameters not based on the selected model variables, but 
by using the Hausman test we will determine which test 
gives more effective estimates [23]. 
3 RESULTS 
 
Tab. 2 contains the regression estimates of the gravity 
model, according to Eq. (4) of the presented model, such 
as an OLS model, FE and RE models. The OLS models are 
efficient, but biased (neglecting individual heterogeneities 
within the model). In FE models, as a rule, variables that 
do not change over time (distance, border, common 
language) cannot be estimated by coefficients that 
accompany them. The heterogeneity of the explanatory 
variables is estimated by a RE model, so the parameters of 
all model variables are evaluated at the same time (whether 
or not they change over time). 
We begin the analysis of an F-test by testing the nature 
of individual effects (fixed and random). According to the 
obtained value of the F-test statistics, we accept a zero 
hypothesis (H0: all the coefficients in the model are 
different from zero). Therefore, we can conclude that the 
set model is correct. The statistics indicate that there is a 
high degree of explanation of a dependent variable (Y) with 
independent model variables (the coefficient of 
determination R2 and the adjusted coefficient of 
determination adj-R2 have high values). The results suggest 
that a RE model is a better choice of estimates than an OLS 
model. The Breusch and Pagan Lagrangian multiplication 
test for a RE model gives estimates that are significant (we 
reject the hypothesis that there are no individual effects), 
which indicates that the model has lower efficiency (Chi-
square = 166.76; Prob. = 0.0000). Accordingly, we 
confirm our choice - a panel regression model of RE. 
Below we are going to conduct several diagnostic tests to 
mitigate the assumptions of a RE model. Afterwards, we 
will test the heteroscedasticity of a FE model within which 
the variables of distance, border and language are omitted, 
because of the existence of collinearity. The obtained 
values of the Hausman's test display that there are 
significant differences in the coefficient estimates with 
variables (Ho: differences in coefficients are significant), 
leading to the conclusion that the application of a RE model 
is the best one (see Appendix). 
 
Table 2 Estimated results for Serbia 
Dependent variable: X 
Variable OLS model Random effects model 
Fixed effects 
model 
gdp 0.5041608*** 0.4559799*** 0.4809563*** 
gdp* 0.7694448*** 0.8842762*** 0.8437281*** 
pop −9.16598*** −8.831274*** −9.172344*** 
pop* 0.2415676*** 0.1061366 −0.4321115 
dis −1.70106*** −1.734098*** 0 
bord 0.1446245 0.2550562 0 
lang 1.347971*** 1.304837*** 0 
_cons 143.6964*** 139.9095*** 141.7611*** 
    
obs 504 504 504 
R2 89.09 91.64 25.47 
Note: ***; **; * are statistically significant at the level of 1%; 5%; 10%. 
 
Tab. 2 shows that the estimated coefficients of model 
variables have the expected sign, as stated in the theory. 
The coefficient before the population variables has a 
negative sign because Serbian market is small, and within 
its own borders, Serbia fails to achieve the economy of 
scale. Distance (dis) has a high negative impact on the trade 
between Serbia and the EU-28. The variable common 
border (bord) is not statistically significant and has no 
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effect on the bilateral trade between Serbia and the EU-28. 
The variable common language has a positive effect on the 
international trade. Ristanović et al. [23] obtained similar 
results on a smaller sample. 
As stated above, the coefficient before GDP of Serbia 
(gdp) variable shows minor, but positive impact on the total 
trade of Serbia and the estimate in all three models is 
statistically significant. This indicates a lack of 
specialization in the production and diversification of 
products. The impact of the size of the EU trading partner 
country (gdp*) on Serbian trade is higher but still below 
1%. Although the growth of foreign demand has intensified 
in recent years, the impact on Serbia's trade is low due to 
lower elasticity of demand for the product range from the 
Balkan countries, including Serbia. This means that a 
larger volume of trade with developed and wealthy 
economies, which typically spend more on trades (goods, 
services, intermediary goods), would significantly increase 
total trade which would in turn stimulate the growth of the 
economy (GDP). 
The size of the market, measured by changes in the 
number of population, produces the expected results. The 
estimated coefficient with the population variable in Serbia 
(pop) has a major negative impact on the total trade. This 
is due to the stronger absorption effect. Conversely, there 
is a low impact of the EU population on the total trade in 
Serbia (pop*), and it is not statistically significant. This 
result is due to much larger volume of trade with non-EU 
economies, e.g. CEFTA countries, Russia, China.  
The estimates of the OLS model and the RE model 
show that the sign coefficient of geographical distance (dis) 
corresponds to the expectations, and is statistically 
significant at the level of even 1%. The common border 
(bord) does not have a significant impact on the trade as 
opposed to the common language (lang), where the 
influence is stronger and statistically more significant. The 
low value of the coefficient border indicates that a common 
border is not necessarily a condition for a higher volume of 
trade. The reason for such results is found in the fact that 
transport costs have been significantly reduced and that 
communication has improved. This is confirmed by the 
example of Serbia, which achieves a greater volume of 
trade with EU countries that are farther away (Germany, 
Italy and others) than with its immediate neighbouring 
members of the EU (Romania, Bulgaria, Hungary, and 
Croatia). The common language variable has a coefficient 
with the expected sign and is statistically significant. This 
is the opposite conclusion compared to Ristanović et al. 
[23]. The reason for the discrepancy is found in the fact that 
in this model a wider concept of common language 
variable is used. Namely, we initially assumed that the 
border residents/entrepreneurs of certain countries can 
communicate more easily as they have similar languages 
(Serbia, Croatia, Slovenia, to some extent also Hungary 
and Romania; Slovakia and the Czech Republic; France-
Belgium-Germany). According to this assumption, a larger 
number of the residents of these countries can be 
understood easily when exchanging goods and services. 
Furthermore, English is a business language, and an 
official language of communication within the EU. Hence, 
common language variable is statistically significant and 
produces a positive effect on the trade in the model. The 
obtained results unambiguously show that the total foreign 
trade is influenced by the size of the economy, population 
and geographical distance, but not a common border.  
 
5 EXPERIENCES OF CROATIA AND ROMANIA 
 
In Fig. 1, we note that Serbia has the most 
unfavourable structure of the economy and would suffer 
higher costs than the benefits of joining the EU market. A 
larger share of raw materials and resources does not secure 
economy's growth in the medium term, even when the state 
is in a regional integration. The economic policy makers in 
Serbia should, by themselves, enhance the technological 
intensity of the production process, strengthen the 




Figure 1 Structure of the economies at the time of applying for EU membership 
 
It is important to emphasize the fact that the volume of 
the trade of Croatia and Romania, analysed individually, 
with EU countries increased with their EU membership 
compared to pre-accession period. Similarly, the value of 
goods trade with EU members rose. It means, a priori, that 
Serbia needs to adapt the commodity offer to the EU 
market as soon as possible, because within the EU market 
almost 2/3 of the total exchange is intra-industrial trade, 
that is, the exchange of technology-intensive products. 
This would certainly prevent high costs and increase the 
benefits of accessing. Therefore, prolonging of Serbia's 
accession to the EU should be smartly used and the supply 
of goods should be adjusted to the requirements of the EU 
market. 
The structure of Romania's economy in the years 
before EU membership was more favourable than the 
structure of the economy of Croatia in the years before EU 
membership, as it is the case with Serbia now. Romania has 
further enhanced the structure of its economy through the 
membership in the regional integration. In Romania there 
was an increase in the share of capital goods at the expense 
of consumer goods, which is a prerequisite for the growth 
of the economy in the medium and long run. On the 
contrary, Croatia's economy had a better starting position 
before EU membership than it is today, and it is far weaker 
in the years of membership. The export mainly consists of 
products with low added value and labour-intensive 
products [24]. This proves that each state individually 
needs to manage its economy within its own capacity to 
gain substantial benefits from the costs of membership in a 
regional integration. It is not realistic to expect that an 
Vladimir RISTANOVIĆ et al.: Applying Gravity Model to Analyse Trade Direction 
Tehnički vjesnik 27, 5(2020), 1670-1677                                                                                                                                                                                                       1675 
economy itself responds to the demands of the common 
market. 
It means that a structure of an economy before full 
membership does not have to be the proof for future faster 
progress of the economy within a regional integration, as it 
can be seen in Croatia. On the other hand, the structure of 
Romanian economy is more in line with the EU market and 
in recent years it has been closer to more developed 
economies within the European Union. Hence, there are 
more benefits of the costs of joining the EU for Romania 
than for Croatia.  
Let's now econometrically elaborate the above-
mentioned experiences and the results for Croatia and 
Romania with an additional analysis. We are moving on to 
econometric analysis of the trade flows of Croatia and 
Romania. We will use a gravity model in a regression 
analysis for both economies to evaluate (equation 4) the 
direction of the trade in the period of full membership in 
the EU. As for Romania we will analyse the 2002-2006 
period, while for Croatia it is the period 2001-2013. 
 
Table 3 Estimated results for Croatia and Romania, a random effects model 
Dependent variable: X 
Variable Croatia Romania Serbia 
gdp 1.216022*** 0.6994195*** 0.4559799*** 
gdp* 0.298299*** 1.255355*** 0.8842762*** 
pop −10.16944*** −2.011458 −8.831274*** 
pop* 0.0807004 −0.1833976 0.1061366 
dis −1.573547*** −1.883849*** −1.734098*** 
bord 0.1589712 0.7272897 0.2550562 
lang −0.6461771 0.604837 1.304837*** 
_cons 147.147*** 33.5061 139.9095*** 
    
obs 486 162 504 
R2 82.56 88.68 91.64 
Note: ***; **; * are statistically significant at the level of 1%; 5%; 10%. 
 
Econometric data (Tab. 3) confirm the previous 
conclusions about the experiences of Croatia and Romania 
in the period of EU membership bid. In both countries there 
was a greater impact of domestic and foreign GDP on 
overall demand compared to Serbia. Moreover, in 
Romania, there was a greater impact of foreign demand, 
confirmed by the structure of products - a higher share of 
capital goods and intermediate products (Fig. 1). Hence, 
the population's impact on the total trade in Romania is not 
statistically significant. On the other hand, in Croatia and 
Serbia, the impact was high and negative, but statistically 
significant. The size of foreign markets (pop*) has no 
influence on any economy. Distance has the same negative 
impact on total trade, and it is statistically significant. This 
suggests that trade with distanced EU member states is not 
so widespread. Border has no influence, which is quite 
understandable, since in all three countries the most 
important foreign trading partners are developed 
economies of the EU. At the same time, the supply of 
neighbouring Balkan economies is not so diverse, while the 
preference for domestic consumption is more suited to 




Using a dynamic econometric model, we evaluated the 
factors that showed the impact on the total trade of Serbia 
and EU member states. A gravity panel model proved to be 
a convenient approach to testing multilateral trade flows. 
We used the data from 28 EU economies and Serbian 
economy in the period 2001-2018. The results indicated 
that the size of the economy (GDP) and population (POP) 
play an important role in the trade of Serbia, while the 
geographical distance (DIST) has negative effects on the 
bilateral trade between Serbia and foreign trading partners 
from the EU. In addition, a common border (BORD) and a 
common language (LANG) also show positive effects on 
the bilateral trade. The obtained results indicate clear 
determination of Serbian economy to realise the largest 
volume of foreign trade with EU members. Moreover, the 
results imply that the trade of European neighbouring 
countries with the common border and language influences 
the increase in the volume of trade and it can represent a 
good basis for increasing the trade of Serbia with its 
neighbouring economies (EU members and CEFTA 
countries). 
The experiences of Croatia and Romania clearly show 
that the structure of economy is vital for an economy that 
aims for a regional integration. As for Romania, we can see 
that the impact on total trade is more profound and there is 
a higher demand from abroad when the offer is adapted to 
the regional integration market. 
The obtained model results are expected. The results 
of the paper show that it is necessary to expand its market 
beyond the size of the regional market and take into 
account the specific features of the trading countries. 
Therefore, a new concept of foreign trade is needed, which 
will include structural features of production, 
specialization of production and diversification of export. 
Such a concept is a prerequisite for faster economic growth 
and provides more benefits for less developed economies 
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Table A1 Descriptive statistics of Serbian export in the EU, 2001-2018 
Panel A: Descriptive statistics 
stats tt GDP GDP* POP POP* distance border language 
mean 455.7796 30195.56 461793.1 7280221 1.79e+07 1534.393 0.1428571 0.0714286 
max 4886.904 42780.2 3386000 7503433 8.28e+07 3283 1 1 
min 0.313 12820.9 4541.1 7001444 393028 389 0 0 
sd 696.2337 8335.919 713238 167360.3 2.27e+07 825.4552 0.3502748 0.2577953 
N 504 504 504 504 504 504 504 504 
Panel B: Correlation 
 tt gdp gdp* pop pop* dis bord lang 
tt 1.0000        
         
gdp 0.2640* 1.0000       
 0.0000        
gdp* 0.6492* 0.1281* 1.0000      
 0.0000 0.0040       
pop −0.2638* −0.8463* −0.1220* 1.0000     
 0.0000 0.0000 0.0061      
pop* 0.7105* 0.0084 0.8911* −0.0089 1.0000    
 0.0000 0.8508 0.0000 0.8426     
dis −0.4543* 0.0000 0.2531* −0.0000 0.0297 1.0000   
 0.0000 1.0000 0.0000 1.0000 0.5052    
bord 0.2992* −0.0000 −0.2179* 0.0000 0.0426 −0.6584* 1.0000  
 0.0000 1.0000 0.0000 1.0000 0.3397 0.0000   
lang 0.2011* 0.0000 −0.2339* 0.0000 −0.1902* −0.3678* 0.2831* 1.0000 
 0.0000 1.0000 0.0000 1.0000 0.0000 0.0000 0.0000  
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Table A2 Breusch-Pagan/Cook-Weisberg test of heteroscedasticity  
Breusch-Pagan / Cook-Weisberg test for heteroscedasticity 
Ho: Constant variance 
Variables: fitted values of exp 
 
chi2(1) = 166.76 
Prob. > chi2 = 0.0000 
 
Table A3 The variance inflation factor of independent variables 
Variable VIF 1/VIF 
gdp*  8.44 0.118451 
pop* 7.91 0.126492 
gdp 3.58 0.279022 
pop 3.54 0.282637 
bord 2.10 0.476624 
dis 1.99 0.502099 
lang 1.22 0.821444 
Mean VIF 4.11  
Note: A VIF > 10 or a 1/VIF < 0.10 indicates trouble. 
 
Table A4 Hausman test 









gdp 0.4809563 0.4559799 0.0249764 0.0445415 
gdp* 0.8437281 0.8842762 −0.0405481 0.0923725 
pop −9.172344 −8.831274 −0.3410704 0.4418676 
pop* −0.4321115 0.1061366 −0.5382481 0.4362747 
b = consistent under Ho and Ha; obtained from xtreg 
B = inconsistent under Ha, efficient under Ho; obtained from xtreg 
 
Test Ho:  difference in coefficients not systematic 
 
chi2(4) = (b − B)'[(V_b − V_B)^(−1)](b − B) = 1.83 
Prob. > chi2 = 0.7667 
(V_b − V_B is not positive definite) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
